Abstract This paper describes a Service Oriented Architecture (SOA) based on Web services technology designed to assist cultural heritage institutions in the implementation of migration based preservation interventions. The proposed SOA delivers a recommendation service and a method to carry out complex format migrations. The recommendation service is supported by three evaluation components that assess the quality of every migration intervention in terms of its performance (Migration Broker), suitability of involved formats (Format Evaluator) and data loss (Object Evaluator). Throughout the paper the whole workflow between these three components is explained in detail as well as the most relevant tasks that are carried out internally in each of them. The proposed system is also able to produce preservation metadata that can be used by client institutions to document preservation interventions and retain objects' authenticity. Although the primary goal of this SOA is the implementation of migration based preservation interventions, it can also be used for other purposes such as comparing file formats or evaluating the performance of conversion applications.
Introduction
Over the last decade, the research community has come up with a considerable number of strategies aiming at solving the problem of digital preservation and technological obsolescence. Among such strategies are emulation [18, 42] , encapsulation [45, 46] and migration [9, 32, 43, 55] , as well as an assortment of variations and combinations from all of the above, e.g., normalization [25, 50] , migration on-request [32, 43] or Universal Virtual Computer (UVC) [29, 28] .
The migration strategy can best described as a "(...) set of organized tasks designed to achieve the periodic transfer of digital materials from one hardware/software configuration to another or from one generation of computer technology to a subsequent generation." [49] .
Contrary to other preservation strategies, migration based approaches do not attempt to preserve digital objects in their original form. In alternative, they transform objects from near obsolete formats into more up-to-date encodings that most users will be able to interpret using common software available on their personal computers. The main disadvantage in this type of approach is that whenever a digital object is migrated there is a high probability that some of its inner properties may not be adequately transferred to the target format (i.e., some type of data loss is expected to take place) [20, 21] . The reason for this phenomenon is twofold: there might be structural incompatibilities between the source and the target formats or the converter used to carry out the transformation may be incapable of performing that task correctly. Nevertheless, migration continues to be one of the most widely applied preservation strategies [25] .
Whatever strategy is in place, preservation interventions usually involve choices. As resources are often limited, decisions have to be made to make sure that the best possible preservation approach is selected from a broad range of available options. These decisions generally depend of an assortment of factors such as: technical expertise of the preserving institution, the expectations of the designated community, the financial commitment, the allocated technological infrastructure and available time [40] . Migration based strategies are not different in this regard.
In general, two decisions anticipate the implementation of a migration strategy: first, one must decide upon which format should be used to accommodate the properties of the original object (i.e., choose the target format); and secondly, which conversion application should be used to carry out the corresponding transformation. This decision making activity constitutes a major step in any migration process. In general, it is at the best interest of the preserving institution that a combination of target format and conversion software is chosen which preserves the maximum number of properties of the original object at a minimum cost. Cost, however, should be regarded as a multidimensional variable. Factors such as migration throughput, application fees, format openness and prevalence should be considered collectively during the decision-making activity. Objective tools and frameworks specially designed to assist institutions in the selection of appropriate migration alternatives would greatly simplify this exceptionally complicated task.
Following the decision-making phase is the conversion process itself. Objects are passed through conversion software in order to create faithful representations of those objects in more prevalent formats. In order to retain the objects' authenticity, this process should be documented in a high level of detail using preservation metadata [3, 5, 7, 22, 31, 37] .
After the conversion process, the resultant objects should be evaluated as to determine the amount of data that was lost during migration. This procedure generally consists in comparing the significant properties [22, 43] of the source object with the significant properties of its converted counterparts. If the evaluation results are below expectations, i.e., the conversion did not maintain a minimum set of significant properties, then a different migration procedure ought to be selected and the whole process reinitiated.
In most cases, the evaluation process requires a considerable amount of manual labour. Certain subjective properties such as the disposition of graphic elements in a text document or the presence of compression artifacts in an image file are generally inspected by human experts making this activity exceptionally onerous and time consuming [39] .
2 CRiB: an intelligent system to support preservation decisions
As depicted in the previous section, migrating distinct objects to a given format may not always produce satisfactory results. Each target format comprises a set of properties which may, or may not, be sufficient to accommodate the inner properties of a candidate object for migration. Moreover, distinct conversion applications may render considerably different objects. Some of the properties that constitute the original object may not be accurately transformed by the conversion application. Others may be ignored altogether. This paper describes a Service Oriented Architecture (SOA) [35] designed to assist client institutions in the implementation of migration based preservation interventions. The proposed system works by assessing the quality of distinct conversion applications in order to produce recommendations of optimal migration options. The recommendations produced by the system also take into account the specific preservation requirements of each client institution. Figure 1 depicts the CRiB 1 system, an architecture composed of several distributed components that work collectively to deliver a migration advisory service [12, 14] . At the heart of the CRiB system is the Migration Advisor, the service responsible for producing such recommendations.
In order to generate an appropriate recommendation, the Migration Advisor resorts to the Evaluations Repository (Fig. 1) , a database containing quality measurements collected over time by three evaluation components: the Migration Broker, the Format Evaluator and the Object Evaluator.
Client institutions may state their individual preservation needs by assigning weights to each of the evaluation criteria that the system is capable of handling. When a recommendation is requested, the collected evaluations will be confronted with the requirements outlined by the client institution and Fig. 1 The general architecture of the CRiB system a ranked list of migration options will be produced. Client institutions may then take advantage of the system to carry out the suggested migration procedures.
In order to rank all the migration possibilities, the Evaluations Repository must first be populated with data. This is generally called training and basically consists in requesting the system to convert a large quantity of digital objects of different "shapes" and "sizes" using all known converters. This operation forces all evaluators to produce reports that will nourish the Evaluations Repository. The system keeps doing these evaluations even when it is in production. The system is regarded as intelligent because it learns with every migration executed as opposed of being pre-programmed with human defined rules.
Conversion applications are integrated with the CRiB system by means of application wrappers [14] , i.e., small software layers that enable applications to be remotely invoked as Web Services.
The computation of the ranked list of alternatives is based on the same principles of the evaluation framework described by Rauch and Rauber in [38] [39] [40] [41] 54] . The process within the CRiB is orchestrated as follows:
1. For each conversion application, a standard or average behaviour is calculated taking into account all the evaluation criteria supported by the system. This task is performed by the Migration Advisor whenever a suggestion is requested. It is assumed that the Evaluations Repository has already been populated with data ( Fig. 2, step 1 ); 2. The standard behaviour of each criterion is then normalised into a comparable scale of zero to one (Fig. 2 , step 2). The highest measurements assume the value of one whilst the lowest are normalised to zero. All other values are spread between these two figures. It is important to point out that evaluations always produce positive preservation results, i.e., high values correspond to a better preservation performance. The application cost criterion, for example, is always inverted before the normalisation step, as higher values of cost correspond to a lower preservation performance; 3. The client institution is then asked to assign weights to each evaluation criteria according to their perception of importance. These weights are then multiplied by the values calculated in the previous step ( The following sections describe the inner workings of each of the evaluation components.
Migration Broker
The Migration Broker component is responsible for carrying out format migrations as well as making sure that composite conversions (i.e., conversions composed by a sequence of transformations performed by distinct conversion applications) are performed atomically from the system's point of view, i.e., composite converters are handled in the same way as single converters. Additionally, this component is responsible for measuring the performance of each conversion option (single-step or composite). The performance is determined according to the criteria outlined in Table 1 .
To support the discovery of conversion services, the Migration Broker resorts an additional component, the Service Registry. This component is responsible for managing information about all conversion applications known to the system. The information stored in the Registry is composed by the name, description and contact of the converter's developer; the description and cost of execution of each conversion service and information describing how it may be invoked by a client application (i.e., its access point).
Moreover, each conversion service is described by a pair of source and target format descriptors. It is critical that the values used in these metadata elements are obtained from a controlled vocabulary in order to facilitate the computation of composite migrations. Our prototype currently uses the PRONOM registry [6, 51] for this purpose. This decision was supported by the fact that the PRONOM appeared to be the most advanced initiative in this domain and the only one that explicitly stated the creation of services for consultation of its data store as part of its short-term objectives. Additionally Outcome size The size in bytes of the resulting object when compared with the original Outcome file count The number of files in the resulting representation in relation to the original one considered options consisted in the Global Digital Format Registry [1, 19] , the Representation Information Registry/ Repository [8] and MIME Media Types [15] . All of those were discarded due to lack of documentation, semantic precision or available tools.
It is important to note that the Service Registry is currently supported by an Universal Description, Discovery and Integration server (UDDI) [34] . The UDDI was initially considered due to its ability to store, search and publish Web service's metadata.
Format Evaluator
The recommendation process is additionally supported by information produced by a Format Evaluator. This component delivers information about the current status of file formats known and supported by the system. This information enables the Migration Advisor to determine which formats are better candidates to accommodate the properties of source objects by exclusively looking at the characteristics of each pair of formats. If, for instance, a certain target format is royalty-free whilst the source format is not, then one might consider that there will be an improvement in terms of preservation status if one were to convert an object from its source format to this particular royalty-free target format. On the other hand, if the target format exclusively supports a lossy type of compression while the source format is not compressed at all, then there will be a potential risk of loosing relevant information. The transformation that corresponds to the second example should score considerably lower in terms of its suitability for preservation.
The Format Evaluator is currently being supported by a data store of known facts about file formats, i.e., the Format Knowledge Base. In the future, this component could resort to additional sources of information such as format registries or services provided by other institutions. For example, Google Trends [16] could be used to determine how a format's popularity and prevalence has evolved over time.
The current prototype is capable of determining the potential gain in converting an object from its original format to a novel one by considering the criteria depicted in Table 2 . These criteria were collected from a range of bibliographic sources such as [26, 41, 48] . Format experts and digital curators could also contribute with additional criteria to enrich the evaluation process.
The evaluations provided by this component are somewhat different than the ones produced by the Migration Broker. The latter focus mostly on objective criteria whose values derive directly from measurements taken during the conversion process (e.g., how much time it took to perform a transformation). The Format Evaluator on the other hand is supported by a data store (i.e., Formats Knowledge Base) of previously assembled facts about the formats that system is capable of handling. After a format transformation, the potential preservation gain is determined by applying specific comparison functions to the criteria values collected from this data store (see the specification of some comparison functions in Fig. 3 ).
Consider, for example, an institution that wants to preserve a collection of high quality JPEG 1.02 files that have resulted from a previously undertaken digitalization process. This institution wants to know which format is most suitable for preserving those files. The Format Evaluator could be consulted in order determine which format would offer the most appealing set of preservation features. Figure 3 depicts the facts available in our current version of the Format Knowledge Base for the formats JPEG 1.02, TIFF 6 and JPEG 2000. The figure also depicts the overall preservation gain that one would obtain if any of the JPEG 1.02 files were to be transformed to either of the other formats (assuming that the client institution gives equal importance to each of the considered criteria). Figure 3 also outlines the inner workings of the functions used to compare each of the evaluation criteria.
One should also notice in Fig. 3 that TIFF 6 has objectively proven to be more apt for preservation than JPEG 2000, fundamentally because it is presented as a more prevalent and stable format (i.e., has a higher market share and life time).
Object Evaluator
The third evaluation component is the Object Evaluator. This component is responsible for judging the quality of a migration outcome by comparing the objects submitted to migration with its converted counterparts. Again, these evaluations will be performed according to multiple criteria. These criteria, known in this context as significant properties, constitute the set of attributes that should be maintained intact during the preservation intervention [43] . They represent the array of properties that characterise an object as a distinctive intellectual entity independently of the encoding that is being used to represent it.
A different set of significant properties must be compiled for each class of digital objects. Take text documents, for example. One might select properties such as the number of characters in the document, the order of those characters, the page size and the graphical layout. Some of these properties are not applicable to other classes of digital objects, e.g., still images.
One should note that significant properties are not well defined for the majority of object classes. Previous work by Rauch and Rauber [38] [39] [40] [41] have shown how complex the process of collecting significant properties can be for some types of digital objects. This process usually entails a careful study of the technical characteristics of the formats within a class of digital objects as well as a perceptive analysis of the features that compose sample objects in that domain.
The Arts and Humanities Data Service [2] and the Library of Congress [26] have been publishing technical reports on distinct classes of digital objects. Within those reports it is possible to find a considerable number of significant properties that one might regard as relevant for evaluation.
The University of Minho is currently collaborating with the Portuguese National Archives 2 in the development of a digital repository capable of preserving authentic digital objects produced by affiliated public administration institutions -the RODA project [36] . During the planning stages of this project, several meetings were held in order to devise a general taxonomy of significant properties for the three clas-ses of digital objects that the repository is expected to handle, i.e., still images, text documents and relational databases.
Work is still underway in order to create a consistent set of significant properties for relational databases as little or no information is available regarding this specific subject. Nonetheless, a considerable list of criteria has already been assembled for the remaining classes (see Tables 3, 4) . Some of these criteria were suggested by team members during project meetings while others were obtained from sources of information such as [10, 11, 26, 41] .
Most criteria outlined in Tables 3 and 4 are considered fairly objective and easy to evaluate. This means that detecting migration-induced changes in those properties is a rather straightforward task. However, some of these criteria require more delicate approaches. Subjective criteria such as pixel correctness, character correctness, page layout or metadata are supported by more complex data types such as pixel data, textual information or XML. Consequently, special comparison functions must be devised in order to objectively compare those properties. [57] appearance::colour::depth The number of bits used to represent the color of a single pixel in a bitmapped image or video frame buffer [56] content::completeness::pixel_correctness How well pixels are respectful to the original image. In cases of multiple page images, the comparison is performed by page and an overall similarity value is calculated by averaging the whole page set results A preliminary study on similarity algorithms for these types of data has already been initiated. So far, we have managed to collect an assortment of promising algorithms for comparing pixel data [27, 44, 47, 52, 53, 60] and textual information [4, 23, 24, 33, 59] . Present work is mostly focused on the test and selection of the most appropriate similarity algorithm for each of these types of data.
The internal architecture of the Object Evaluator is depicted in Figure 4 . As stated before, this component is responsible for measuring how objects have been modified by migration software. The output of this component is an evaluation report that, for each significant property, outlines how respectful the converted object is to the original (in a scale of zero to one).
In order to compare objects in different formats one must resort to format parsers, i.e., special software capable of interpreting the structure of a given file format. Once a digital object has been parsed, one must extract each of the significant properties defined in the evaluation taxonomy for that particular class of objects. The collection of extracted properties could be regarded as the canonical (or conceptual) object [30] since information relevant to that object is now free from all technological peculiarities. The last stage in the evaluation process is the application of a set of similarity functions capable of detecting how much the information has changed in relation to the original. Some subjective criteria can not be evaluated solely by looking at properties explicitly defined in the file format. Some of these criteria take into consideration an assortment of other properties while others require them to be preprocessed before similarity functions can be applied. Consider the page layout criterion in a text document. In order to faithfully compare the graphical layout of two text documents (independently of their encoding), one must first break the documents into a sequence of pages, convert each page into an pixel-based representation with a common resolution (similar to printing the document to an image file instead of a printer) and then apply an image similarity function to each of the resultant images. The resulting similarity ratio must take into account the overall evaluation of all the pages in the document.
Conclusions
This paper proposes a software architecture based on distributed services that may help institutions to carry out migration based preservation interventions. The proposed system enables institutions to cooperate in the edification of a global advisory service that, among other things, is capable of producing recommendations of optimal migration alternatives; perform format migrations (resorting to converter composition whenever necessary); and thoroughly document preservation interventions by generating reports in the form of metadata (in what PREMIS refers to as an Event Entity [37]).
When a client institution requests a recommendation, the system computes an optimal migration option by confronting the preservation requirements outlined by the client institution with the evaluation criteria stored overtime in the Evaluations Repository. After this operation, the client institution may take advantage of the system to carry out the corresponding conversion. In the end of each conversion, the client institution will receive a novel representation of the submitted object and a metadata report that fully describes the procedures undertaken (i.e., the event) and the results of the conversion (i.e., the outcome). This report can then be embedded with the preservation metadata that accompanies the object within the archival environment in order to retain its authenticity. The current prototype is being supported by Web services technology [17] as it appears to be well-suited for supporting the development of SOAs and due to their open-standard and platform-independent characteristics. It is important to point out that many other protocols could equally be used to implement these ideas. Distinct Remote Procedure Call (RPC) technologies could even be combined and used together with the CRiB as long as gateways or proxies are implemented.
A prototype for the proposed SOA is currently being developed at the University of Minho. Present work is mostly focused on the implementation of similarity functions for subjective criteria in the Object Evaluator. All other components are already built and functional. A Web interface called Migration Workbench [13] has been developed and published which allows users to convert digital objects from and to many different file formats as well as assess the results of the evaluations performed by the system. Once the Object Evaluator is complete and tested, the suggestion service will also be made available to the general public.
It is important to stress that for evaluation purposes the prototype will only be capable range of producing suggestions and converting objects within a limited range of file formats, i.e., just a few formats belonging to the still images and text documents classes.
Some parallel contributions are also expected from this research. When concluded, this SOA will constitute an objective tool for comparing file formats and conversion applications. This work could also contribute to foster new lines of research such as the development or improvement of similarity functions for different types of information, e.g., image, text, audio, video or datasets. These similarity functions are necessary to develop a general purpose Object Evaluator capable of handling all types of object classes.
